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ABSTBACT ' ' V 

This teacher's- guide accoapanies a course cpncerning 
the need, envitonBental costs, and benefits of electrical power 
generation. . Each chat)ter of this guide corr^ponds^ to a chapter in 
the coutse text, and includes the following: a^list of behavioral 
objectives for the corresponding chapter, a list of suggested 
activities, recommended audio^visjoal aids, and a list of reference 
materials. At the end of the teacher* s guide is a decision- ma king 
model to help the reader analyze the informsttipn received. The . 
appendices include laboratory safety rules for working with 
radioactive substances and an achievement test. _(HH) 
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The niajor.goal of this minicaursc is to have students gather pertinent information 'on the need for and 
generation of electrical energy, thenihake their own judgments oa whether a need exists and, if so, how the^^d' 
can best GQed. The students*must be made aw^re of the advantages and disadvantages of each method of . 
electrical generation without the /teacher unduly,,empha5isingone method. In short, the job of the teacher ii to 
* Ve//. it like it and then to ehcpurage^the students to evaluate the information and make thei^wn judgments. 

We u^e you to use tMchirig teduuques w)^^ 
much as possible, teadher^^tered metm)ds iii which the learners playyS passive part. Student-centered actiyit<ies ; 
include indlvidli^^ studies of some aspects of the problem, se^ntinar^-t^e meetings, committee reports, debates^ 
field trips, resource personi; )^ laboratory ex^ ■ " 

■ ■ \ , '.' • ■ . ' ' / •• ' ■ ' 

The educational obje^^ve^ suggested activities and other pminent mateiial are presented for each chapter. 
Feel free to modify th^e activities to fft your ^lass needs. ' / v ^ ^ 
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PURPOSE OF COURSE 



^ In an er^qwhen the requirement for additional sources of pow^r is growing at an ever-increasing rate, and 
Cconcem for the protectipn of our environment/is rightfuQy coming to the fore, it is imperative that an.unbiased, 
straightforward view of the advantages land diadvantages of the various methods of generation of electrical'power 
' be made available to our schools. 



This course is an effort to describe tly need, environmental cost3 and benefits of electrical power generation: 
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PREFACE 



Generation of electrical p9wer''has pr5Mddcd'a* 
vital link in the everyday life oKialmost eveiy meniber , 
Df the humian race. Recent ominous wkmings, 
however; regarding potential detrimental effects of 
.by-prdrducHs of wide scaje ^{>oWer generation and . 
dbtrjl^utipn networks have niade headlines in, the 
news media. While students^ in our classroonis may 
npVexpress as much enthusiasm for the scientific and 
engineering princ^lea behind powet generatii^ 
facilities as. their teachers, they have gr«»t interest in 
environmental, protection pro||(lem^ llius a 
discrepancy has been generated between^e Senefits , 
andl hazards of providing a source of the "^oJ 
things** in life. A wise teacher r^ognizes the potential 
for stinytlating interest and lean^g inherent .in the^ 
presence of a cognitive discrepancy (a ^screpancy 
between What a person predicts riiould nappeiif and* 
what actually happens). Science, teaphers often 
attempt to stimulate their students by ''carefufly . 
draining their* attention to appaterft discrepancies in 
nature to spur information-seeking, problem-solving 
and cognitive learning. ' . ■ , 

This minicourse attempts to cat)italize on the 
discrepancies heightened by the news media. It 
atten^>ts t6 serve in two ways. Frist,' it~ provides 
' infprmation relative to power geftCTation which may 
• be uieful in reducing the discrepancy. Second, it 
attempts t6 maintain a certain leyel of discrepancy by 
not providing a comprelynsive list of answers; instead 
it 'provides some information which may be useful)^ 
formulating such answers. 



• ,» ■ ■ . ^ 

Out of this argument stenis the Rrst /tov>, to 

reconunendation for this minicourse. Prior to 

beginning the micdcourse, * ^ * 

HAVE EACH STUDENT FORMULATE A LIST OF . 
QUESTIONS ABOUT ENVIRONMENTAL 
PROTECTION PROELEMS ASSOOATED WITH 
EUECTWCALPOWERGENER^TION. , • 

Ask the student to diecH off the questions as they are 
answeted and add morp questions as, they are raised^ 
A i^a^onable-^oal is to end up ii^tli a longer listthah' 
he/she started with. « 

\ ■ . » •.. ■ • 

^ The minicourse i& designed to be flexible to 
permit < its most meaningful application by the 
teacher. As such there'^are numerous i^tenlative waya^* 
it can be usdd. * ' ' ' 

• As an integral'part of a science cdune. 

• As an optional, nonre'quired part of science 
course. * . • » 

• As ^ independeiU study imit in ap 
^ individualized approach, y 

• As a springboard for further study into other 
areas of 'Environmental flection. * 

• . A» a basis for ah-adult information and/or 

education course. 
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INTRODUCTION TO THE TEACHER'S GUIDE 



. Each chapter of thi3 teacher's guid^ corresponds « 
to a cluipter in the m^course text.^Thpi^e are four 
js^ctions in each chapter. 

The first section of 'each cha^teir consists of ' 
. biehayioral "objectives for that chaptftr. A behavioral ' ' 
objective is a. statement wi^jk describes student 
observable behavior or products Of 'student behavior. 
Science advances by iiiakin'g valid inferences on the 
basis of observed phenomena. So, too, it is extremely 
.difficult to determine the amount and extent of 
learning that has taken place without making valid 
^ inferences .based on observable acts/ such as test 
' performance. A test provides a limited amount of 
'observable products from which to infer the 
unobservable process of leaqiing. A comprehensive 
se;t of behavioral objectives provides a wider and thus 
more valid basis for describing the act of learning. 
Behavioral objectives can be a great aid io learning. 
But how dp you use them with your students? 

If your jsxperience with behavioral objectives is 
limited, viead recent literature in education about 
•/ behavioral objectives. ^ » 

Objectives in the file or mind of the teacher are 
essentially locked away fipm the students. This ^ 
fosters student dependency on the teacher and results 
in the game of guessing what objectives the -tocher is^ 
going to place on the next examination. Both of these 
situations ar^ highly Jhefficient. Therefore the first* , 
thing yoiif need to do with the objectives of the 
course is to communicate th^m to the students. 
Later^ construct tests, arounc^lnese objectivesi - 

Most educaftional activities ^are follovved by s<jme . 
form of evaluation to estiifkater^he amoyunt of student . 
' learning. Test items have been written fo( thh 
minicourse ahd' appear in Appendix II. These test 
items ^have alternative ways of being used.^Use them 
to ( 1 ) evaluate the learning of each on each of the * 
\' objeqtives; (2) evaluate the. learniitg of each student 
^ relative to the others in the class; (3) let the studeiTts 
• interpret their, degree oif learning from the test. The 
latter course of action may be used when you wish to 
encourage independent functioning on the part of ^ 
^ur students. 

\ The evaluation of the test items is necessarily 
United to basic terminology and cpncepts of power 
^eherdtiqn and environmental protection. In a larg^ • 
way, the questions raised by the inquiring mind are, 
extrfindy dif0cult to evaluatew In addition, there are 
many questions which do not have definitive aniswers. 
It is extremely important to recognize [this in the^ 
classjQom activities. It is also imperative to remember 



that while many questiorns raised by stjudents do not 
have definitive ^'es or no answers, there a way to 
detemline ivhether a student's an^er is valid or not. 
Does> the answer or solution (J) violate rejected, 
assumptions of known facts; (2) demonstrate logical, 
inborisistency with other, parts of the solutioil and 
known factsf (3) violate_all commoii ^nse? Finally, a 
most- necessary requireipent is that of 'demanding 
accoimtability from the student. Can a student back 
up his/her solution or answer with evidence, either of ' 
an empirical or authoritative nature? The teacher 
should become schooled in the asking of questions 
like, '^What is the bavs for your assertion?'* 

The second section of each chapter is a list of 
suggested activities fdr that ch^ter. These activities, 
plus others which you may construct, are d^signed.to 
aid you make^ your instruction * more 
student-centejned. 

All teachers at some poin| in their careers assume 
that teaching is lecturing. If the teacher just presents<r 
a .lecture lucidly describing the essentials of a 
concei)t, the listeners will he'tau^t. Of course, 
presenting the information should- include the 
appropriate voicp inflections, projection' techniques, 
jind gesturing to dramatize the information, and 
^^lucidiy" usually implies that the listeners can clearly 
understand the information being presented. 

To say lecturing is oategorieally bad is b^d in 
itself. But lecturing has serious drawbacks which' 
should, cau^ us to consider alternatives. For example, 
it is difficult, jf not impossible, to deliberately select 
and present the exaet combinatiph of words which 
will communicate the proper message. Secondly, even 
^en this criteria is met^the leanter may (1) have 
brought into the session all. the content %it was 
lectured; (2) not have heard the words in the context 
in which they were spoken; (3) have had eT^eriences 
opposite to those stated by the lectured. ' . 

Finall}^ lecturing eithef directly Or indirectly 
encourages student 'dependence upomthe teacher and 
discourages practic^e in independent student thinking. 
I^ your objective is to have students be ^able to repeat 
*orjed)gnize certain facts, regatdle^^ of their'trutiior 
accuracy, lecturing is a hlghefficient method. If, on 
the other hand, you 'Seek to promote the ability of 
learners to synthesize or evaluate information, to 
demonstrate their ability to taKe a position w^th 
respect to several plausible alternatives, and to 
provide evidence (hopefully scientific and^pirical) 
for his/her position, then use questioning techniques 
as opposed to lecture, as much as possible. 



To guide yqwr question-asking, verbal behavior in 
the classroom, me following categories- should be 
studied and practiced. These are taken from'Jlobeit* 
B. Ribble and Charies B. Schuhz, TSooial-Substantive 
Schedule,* Mirrors, of Behavior/ Vol. 12, Philadelphia: 
Research for ^Better Schools, Inc.,. 1^70^An audio 
tape of your classroom will provide a basis for 
checking how marly of these b^^haviors you are 
actually using. Teachers ^|(ariably grossly 
^overestimate the. amount o^^uestioning and 
underestimate the amount of.telling'that tr^spires in 
their classroom. - ^ 
* » • * ' 
L, Checking: .asks the rtudeht to recall of find^ 
previously encountered in^riat. ' . , ' 
St: Are these thrcl^^W|fteries hooked up all 

right? V 
T: What cautions did your insthictions 
point out? ' . 



2. ^- Exploring: asks the student to try another' idea 

or add to'v^hat he/she has said or done. 

St: It. says to make sure the batteries must 

all face the same way. 
T: What else do you. think ^wotild' be 

important? ^ ^ 

3. ^Pursuing: asks the student to support his/her 
. statement. ; 

St: . Ohv it, also says to be sure the nfifcdle 
' ^ "swings up. i ■ ' 

T:^^ WKerfe did you find that statement? 

4. / Eliciting: asks the student to make an assertion. 

St: Ri^t here in frame Y6-\4. 
T: I see. What you think will-happen 'if 
the cells are l\ppked in parallel? . 

5. Translating: asks if a paraphrased version, of the 
student statement is accurate [Note: (a) The 
%tudent inust know he/she may answer.eitjier>'es^ 
,or no\ otherwise the statement tends' to be" 

coercive, (b) A good paraphrase elimtfiates on^br 
more pf the possiW^^ interpretations of the 
^ student statenielfit.] I . < ■ ^ 

' *. St: ^Not as much^leqg6ricity will fl^. 

T: Do you mean that the needle will 
deflect less? ' * ' ' 

6. 'Supporting: tells the student that 'nis/her 

performance is a^epUble. This response should 
5 be used to build the sttlulent's self-conftdence in 
his/her own perfomwj^ce. Hence, right answers 

5 



should not be the prime target. Iristead student 
* ■ 'performance, should be weighed in, terms ;of 
previous results, tecKniqueis, hypotheses, and 
models. ' 

St: Yeh, that'« wlfet^t did when the battery 

needed charging. ' . 
T: Sounds reasonable. Let me -know h«w 
your prediction turns out. 

7. Foci^ng [informing]: presents, additional 
information. This technique should be used 
sparingly since the student is Supposed to obtain 
most of (he information from performing the 
exercises. Normative information,* examples, or 
reasons for^'a procedure are most easily.justifled. 

St: IsthisOK? 

t:« I believe that yojur set-up is close 
enou^ to permit sonie readings. ^> 

8. Directing: suggests a procedure for the student to 
follow^ Aoceptance of th^ suggestion should be a 
student option. . . . - ' 

St: What w3l happen if I use thirmer copper 

'wire around the carbon? 
T: Why clon't you try it and compare your 

resultswith John and,Pete? * 

For other suggested activities besides those given 
in this guide, ^ejpnergy and Man*s Environment^ an 
elementary^through-secondary interdisciplinary 
activity* guide available from Eribrgy and Man's 
Environment,.. 2121 -Fifth Avenue, Seattle, 
Washington, 9812 J. 

The third section of each chapter is » list 
audio-visual aids, mo^t of which may be borrowed at 
no charge. They are from widely-varying sources, and 
may not all be suitable for a given age or educational 
* level. So, previdw any you'plaii to use. , ^ 

•The* fourth section, of each chapter is a list of 
references. Some'are booklets which can be ordered. 
YoU may alsd wish to chftck'thc Ust o^ references iri 
the appendix of th^jninicoilESe text. . 

' At the end Of the teacher's Jguide is a 
decision-making model tcT help the reader analyze the. 
infomiation he/she Has received. This also appears as 
in' appendix to the minicourse text« Finally, there are 
tWo ^^ndices, thie first concerning laboratory safety 
rules for worlging with Radioactive substances, and the 
.>^cond an achievement test. 



CHAPTER 1 * 
THE DEMAN^ FOR ENERGY ' 



A... Objectives 



1; The student will discuss two reasons for the 
increasin^^orld energy demands. 

The student will discuss the growth in electrical 
energy use in the United States. ^ 

r ^ . 

B. Activifies 

1 . Have students discuss the role which electricity 
plays in s\ippoi;;ting our current standard of living and 
the adaptations which we would be forced' to ihaft|'i|| 
this energy supply were seriously curtailed, i '4::^i 



the local hospital. Ask the students, ''What is your 
reaction? What are you going to do about it? Whatl 
should you do alkput it?*^ 

■ . ■ ^ . . .V , 

10. Identify tjie materials' used in ^new. automobile ^ 
and the source, of these materials. Estimate what 
{lercentage comf s froln Qil>based sources^ 

11. Have each student in a section, class or school/ 
'individually rank the importance of pie items ^listed 
below. Then collect information on how many 
number 1 vote?, number 2 vote^ etc.,, each item 
receives. Have each' student compare his/her rankings 

^ with the composite ra'nkingsj 



2. Hold a class debate: Is pollution necessa^? (^:- $^^ from 
we live in a pollution-free society? , \'"^ ''!^^:-^-isnpoTtBnt), 



1 (niost important) to IS (least 



3. Have students complete the activity ''How much' 
electricity do you useP" in the supplementary sectioa 
at the end of Chapter^ in the text. 

4. Have^ a gto^p .discussion of which home 
appliances could be discarded to reduce electrical 
cbnsuniplion. 

5. Interpret pbpulation projection charts to 
determine the 'most probable population growth in 
the U.S. ' '- ^ ■ : . 



6., Discuss ''Will 
cottsw;nption?** 



recycRng reduce^ electrical 



7. Consider the i following situation: Flood, high 
winds or some other unusual eyei\t has severely 
reduced electjical power. Yo'u are, to form an advisory^ 
committee and ;set up priorities, since'' electricity wdl 
have -to* be rationed. JVhat ^oups should be 
represented on this committee (e.g., city government, 
hospital, factory, etc.)? Determine priorities, such as 
who will get power and who will not, and to^what 
degree. ^ >^ . - 

8. ^ Collect cartoons related to power generation or 
the ipergy crisis and make a bulletin board display. 
Incluoe pther itenis as you see fit. * 

9' Presejjt .the following ^rob^^nk to students, with 
or without time f(%r them to prepare ' answers or 
possible solutions: J^lectric power has been rationed ' 
.due to recent damage by violent wether. In spite of 
warnings to the conti3ry» your best frienid's f^|^y 
continues to use total air conditioning. The brownout 
seriously hinders the .full use of certjdh equipment at 



a. 
b. 
c. 

d. 
e. 

f. 

g- 
h. 
i. 



k. 



m. 



n. 
o. 



pure water ^ * . 
clean air 

acceptable noise levels 

ail understanding of ecology. 

conservation of our • natural (iilcluding 

human) resources 

a practical environmentaHife style'** 

elimination of litter ^ 

stabilized population growth 

ban on use of biocides (pesticides arid 

herbicides)^ 

efficient consumer practices 
reduction in eneig^ consumption 
rational larid usage ' 
'reduction jn private and commerci^ solid 
waste products _ . , / 
control.ot thermal pollution^' 
sensitivity to one'si surroundings 
(environmental awareness) 



12. Have a group ckf students, Splaying the roles of 
ambas$^dors frpm an underdeveloped country, 
develop and present an arguiflent at. the Uryted 
Nations for a more equitable shflre| of the JV^orld*s 
jesofirces. Uie real data from actual countries if you 
v/ish. * ^ ^ " 

13. ' Time's choice for Man pf the Year in 1975 was 
iht late King. Faisal of Saudi Arabia. What reason did 
Time give for this-selection? 

14. Construct collages from magazines and papers 3n 
the topics energy)' pollution and quality of life. Or use 
photographs from the school and community for 
siich a collage. ; ' 



V 



15, Have ,stilBents read about electric n(eters an(l do 
the -''Reading Electric Meters'' activity in the 
supplementary section *at ihe end of Chapter.2inthe 
'•text. 



C Ai 



Visual Materials 



1. The Energy-Environment Gam^, a simulation 
dlealpg with society^s demand for energy and its 
effect on the environment.* Edi^pn Electric Institute, 
90 Park Avp., New York, New York, 10016. 



Environmental Health:" Energy and the 
^<5:^ l^vironment, a /teaching kil including records ^d 
filmstrips prepared for Southern California Edison 
Company by H.R.A., Inc., P.O. Box 3(66, Granada 
Jfills, Calif. 9 1344. ^ ' 

' ■ ^ ■ > ^ ' , ' ■. ' 

, 3. Nuclear Power and the Environment-, 16mm 
sound, 14 min. Takes up the problems that stem frogi 
the growing di^mands for electricity ^ in the U.S. 
Discusses the care taken in studying aiid controlling 
the effects of nuclear power plants on the 
environment. > < 

4. The Petroleum Tree, a chart showing pwfducts 
obtainable from crude oil..^Sifigle copies available 
from U.S. Departinent of Interior, Bureau of Mines, 



r 



4800 Forbes Avenue^ Pittsburgh, Pa. 15213. 
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5. Encounters with Science, 33^-1 js RPM ^ 



audiodiscs, each containing .eig(\t short sequences. 
Many are on.enetfy-related matters. Available from 
'National Sciency Foundation, A/V %Prodfiction 
Officer, Room 531^1800 G St.,'N.W., Washingtdn, 
D.C, 20550. . ^ - . ' 

D. Reference ^ 

l\ The Search for ^ Tomorrow's Powers National 
Geographic, November 1972, pp. 650 ff, -7 

• '•• « " * 

2. Managing the Power Supply and the 
Environment, Repdrt of the Federal Power 
Commission's National Power Survey Task Force on 
Environment, July 19ll, Federal Power Commission, 
Washfi^an,ri.C. 20426. : ^ 

3. The Signiffcance of Arab Oil, bQoklet available in 
' single copies from League of Arab States Information 

, Center, 35th JFloor, 747 ^rd Ave., New Y<5Vk, N.Yr 

* 10017. ' ^ 
* ♦ 

i4. Energy and the Future, book giving a general 
view. Published by American i^ssbci,^tion for the* 
Advancement of Scfeffce, 1973. 
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CHAPTER 2 



METING THE DEMAND FOR ELECTRICAL ENERGY ^ 



A., Objectives' 



1. 



2: 



The student will desc^^ the production of ^ 
electric current 2^.d relate this to the generation 
of electrical power. f . / 



y^p 



The student will jdentify t^} present methods of 
generating electricity, so^e possible alternative 
^ methods and the limitations of each in meeting . 
" ourjpoergy re^quirements^^ 

B. Attmties . . 

1. Have the students use a hand-operated generator 
to prodfuce yiough energy to light a small 
incandescent bulb. This geheratot might then Se 
operated by a model steam' engine, producing, in^ 
effect, a miniature power generating system. 

2. Demonstrate thl ma^etic lines of force by 
sprinkling iron filings on a piece of heavy papjer 
placed over hdrseshoe andH^ai^ magnets. . 

3. Condifct a field trip to phe or more of the 
following: power plant, strip mine, deep mine, 
transmission substation. * . - * 

4. Allow the students to experiment with Oersted s 
loops. Can theydeVise ways to increase the amount 
of electricity they can git from this apparatus? 

5. Build a model windmill^or water wheel generator.^ 
Measure its output. '#5/ ' 

6i Prepare a smaU ' b|]^y ol??,|)hotoelectric cells 
hooked up to a milh^g^j^etiir. Determine the 
electrical output und^r varying li^t conditions.^ 

7. Have the students prepstre and present reports to 
the class on alternative sources of electricity. 

8. Try to devise alternative schemes of generating 
glectricity. . . 

9. Have an electric company representative discuss: 

a. How their local generating station operates.'^^ 

b. 'How a power grid (transnv^on and 
distribution system) works. / 

/. -c. How they^try to solve their environmental 
problems. ' . / > . ' < 

IQ^^Assume that a space platform in stationary orbit 
^er the U.S. .converts solar energy to electrical- 



energy. Brainstorm all methods you can think of tp 
transport that energy to the earth.'Next/examine the 
adyantages and disadvantages of , each method 
su^ested. / 

11. Have stddents ^read about electric meters and do 
the ^^Reading . Ekctric Meters^' activity in the 
supplementary section a|.the end of Chapter 2 in the 
text. 



C. Audio-Visual Materiab ' ^ 

^1. ^^ World Behind your. Light Switch, 16mm s()und, 
28'^min. * On transmission of electricity . Bonneville 
Power .Administration, U.S. Department' of. the 
Interior, P.6. Box 3621, Portland, Oregon, 972Q^B. 

2. ^ Inertia, \6rtm sound, 28 min. On transmission 
yf^electricity. ^ame source as Number 1 above. ^ 

3. Electric Power Generation in Space, . 1 6mm 
sound, 26-1/2 min.'^n' solar ceUs,^ fucl'^cells. 
NASA-order from NASA Regional Filnr librafry 
serving yduf^tep , \ , ^ 

4. ^ Birth) of an Era, 16mm sound, 27 min. cfn 
hyUropower. U.S. Army Engineer^'District, 200 E. 
Julian St., P.OrBox 889, Sayannah, Ga.'314b2. 

■ ':■ ■ 

5. Trees and the Energy Crisis Reel audiotape, 
• 7-1/2 ips, 15 min. On wise use, of resources: Amerioan 
' Forest Institute, Education Division, \Q\9 

Massachusetts ^ve., N.W.,.Waslungton, D.C, -20036. 

6. Natural Gas Fuel CeU, \6mm sound, 28 min. 
Sho>^ production of 'electricity from fuel cUls. 
£(rooklyn Union Gas, Public RelaJJons and 
Advertising Dept.,, 195tMontague St., Brooklyn, N.Y. 

1120^. ; 



7. To Bottle the Sun, 16min soimd, 3-1/2 jnln. On 
fusion. ERDA (former^ USAEC) Film Library, P.O. 
Box 62, Oak Ridge, Tenn. 37830. ' / 



D. 'References 



1. The Search for ' Torhofrow's 'Power,^ NBtionBi 
Geographic, November 1972, pp. 650 ff. 



2. ~ Following^ .the nameis bf seveii chajpiters from 
the book Mineral Facts and /VoWeihs.* One copy of 
up tq \0 Qf 'thes^ chapters mayiSe^ requested* in, 
bqpklet ionri on ofHciaQ- statioiWry from U.S. 
Department of, f^e» 'fatter;or, Burcfaiu of Mines, 
Publications -/feUtributioh, 4800 Forbes p St., 
Pittsburgi^rPa. ISirSV - ^ 



Anthradfte ' 

' Bituminous Co^l and Lignite 



Energy Resources 

Natural Gas Q 
Petroleum • ' 
Shale Oil 
Uranium ^ 

3. . Power and frogress, a .booklet on general facts 
about electricity. Single copies available from Edison 
Electric Institute, 90 Park' Ave., New Yoric, N.Y. 
'10016. 
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CHAPTER 3 
NUCLEAR FUEL GENERATING STATIONS 



i 



5. 



The student vM^: 
process of fissioi 



ibe in general terms the 
win include the concept 
of the chain reaction as a necessary phenomenon 
for the continuatipn of the process. 

0 

The Istudent will list and describe the functions 
of the major components of a nilblear reactor. 
Major con^onent^ mean fuel assembly, 
moderator, coolant, control rods and shielding. 

The student will compare the various reactor 
types in terras of the cooling systems used. 

The student will describe the concept of tjic 
breeder reactor and the types of breeder reactors. 

The student will describe the'safety fcaturcrof 
reactors, including natural safeguards and 
engineered safeguards. ^ 



B. Activities 

1. Have, your students construct a model «iuclear 
power station. 

2. Arrange for a tour of a reactor facility hear you. • 
Make certain that your students arc well prepared for 
the trip and that follow-up activities are conducted^ 
when you return. . . 

3. tondiict mock hearings relative to the licertsihg 
of an imaginary power reactor in your school district. 
Divide your class into groups representing the utility 
company, the Nuclear Regulatory Commission, the 
state regulatory agency and a watchdog 
conservationist group. Discuss the sitijation from all 
aspects. (Refer to Nuclear Power and the Public, 
pages 124-194. See Reference in Section D of this 
chapter.) 

4. Contact the American Nuclear Society to sugge?* 
speakers and materials concerning nuclear power 
plants. Write Octave J; DuTemple, ^Executive 
Secretary, American Nuclear Society, 244 East Ogden 
Avpnue, Hinsdale, Illinpis 60521. 

' '% • ^ 

5. Prepare' a list of similarities and di^erences 
between a nuclear reactor and an atomic bomb. 

C. Audio-Visual Materials 

1. Atomic Power Today: Service with Safety, 
16mm sound, 28-1/2 min/A ],S-minute abridged 
. version is lalso available. ERDA (formerly USAEC) 
• Fibn library. Technical Information 'Center, P.O. 
Box 62. Oak Ridge, Tena 37830. 



2. Tomorrow's Power-Today, 16mm sound, 5-1/2 
min. Available from saixie source as Number 1 . 

3. The Experimental Boiling Water Reactor, 16mm 
sound, 30 min. Available from same source as 
Number 1 above. ^ 

4. Power Unlimited, \6nm sound, 12-1/2 min. 
. Available from same source as Number 1 . 

5. A Breeder in the Desert, 16mm sound, 29iiUn, 
Available from same source as Number 1 . 

6. The Piqua Nuclear. Power Facility, 16mm sound, 
23 min. Animated comparison of various power 
reactor types. Available from same source as Number 

^• 

7. Dresden Nuclear Power Station; iGnm sound, IS 
min. Available from same source as Number 1 . 

8. Landmark, 16nun^ sound, 14 min. On bre<sders. 
Available from same source as Number 1 . 

9. My Nuclear Neig^ors, 16mm sound, IS mi/ 
nhistrates how nuclear generating stations fit into 
communities. Klein Company, Walter J., Distribution 
Director, 6301 Carmcl Rd., Charlotte, N.C. 2821 1. 

10. Now that the Dinosaurs are Gone, ISmm sounit 
28 min. Rental fee, but may.be available free from 
local utmtips. Atomic Industrial Forum, Inc., 47S 
Pirk Ave. ST, New York, N.Y. 10016. 

D. References 

1. A complete set of the Understandin/ the Atom 
series may be obtained free by teachers writing to 
ERDA (fomierly USAEC), P.O. Box<2, Oak RWge, 
Temt 37830. - 

Nudear Power Plants 

Nudear Reactor 

Plutonium 

Research Riactors 

Snap; Nudebr Space Reactors 

Breeder Reactors " 

2. Nudear Itower and flie IHMc, Harry Forenum, 
editor. University of Minnesota Press, Minneapolis, 
MimL(1970). ^ 

3f. The Four Big Fears about Nudw Power, R^ph. 

E. Xapp> The New York Timet Magazine, Feb. 7, 

. 1971. ;v . ^ 

4. ^ore Energy^ from the Atom-But Will It Come 
in Time? U.S. N^and Woild Report, J^eb. 19, 
1973. : 



CHAPTER 4 . 

fossiltFueled electrical generating stations 



A. Objedivies 

L The student will 'identify the methods of using 
fossil fuel to produce electricity . by steam 
generation. 

\ ■ ■ V ' *; 

2. -' The .student will discpSs existing reserves of fossfl 
'4 ^ fuels and their predic^pd avail|bilit)r. 

3. The student will discuss' the particular problems 
rented to the use of c^al in the production of 
electricity. 

B. Activities 

' 1. Have your students construct, demonstrate and 
discuss Hero's,.£ngine, made from a toilet tank float 
andcoppe^tubfiirg. 

2. Perforni destructive distiUation of a sample of 
soft coal. Desc^be the products. 

3. Visit a fossil-fueled electrical generating plant. 

4. Arrange a class visit to a nearby coal mine or gas 
or oil well. 



5. Compare the methods of 
gas and electricity. 



iporting coal, oil, 



6. Using a Polaroid earner:^ photograph the stack 
emissions from a power plant over a one*week period. 

C. Audio- Visual Materials 



2. * The Invisible, ibu^r of Coal, \6mm sound, 28 
min.. National Coal Assn. Available frOm Modem 
cTalking Picture Service. -Must be booked from their 
exchange nearest you. ' ^ - 

3. Natural Gas and Clean Air, 16inm sound, 20 min. 
American Gas Assn.,- Film Service Library, 1515 
Wilson Blvd., Arlington, Va. 222*09. ^ 

4. Powr from Paradise, A6mm sounds 32 min. On 
construction' of a coal-burning plant. Tennessee 
Valley Authority, Film Services, Information^ Office, 
Knoxyilje, Tennessee-, 37902. j 

5. iStfip Mine Reclamation, i6mm sound, 17 min. 
Available from same source as' Number 4. ' * 

D.* References v ' 

1. Coal in Today's World, a booklet available in' 
classroom quantities from National Coal A^h., 
Education Division, 1130 Seventeenth St., N.W., 
Washington, D.C. 20036. - . . 

2. Protecting our Resources, $ book]|et on^ 
petroleum available in single copies from Americaii 
Oil Co., Public Relations " Department, 910 S. 
Michigan Ave., Chicago, m. ^b605. 

3. Coal is Cheap, Hated, Abundant, Filthy, Neededi 
Jane Stein, Smithsonian, February 1973, pp. 19-27. 

4. The Story of Petroleum, booklet available iB* 
classroom quantities from Shell Oil Co.^ Public ; 
Relations, Attn. Room 1541, One Shell Plaza, Box 
2463, Houston, Tex. 77002. ^ . " 



1. Invasion by Oil, 16mm sound, 27 min. On oil 
spills. U.S. Army Engineer District, Attention PAO, 
P.O. Box 4970, JacksonviUe, Fla. 33201 . 



5. Map qf Coal Areas in the shows coal 
deposits, gives reserve and prpductipn . ifgures. 
Available from same source as Number 1,1' - . . 



ia AFTER 5 



BASIC ECOLOGY: PRINCIPLES AND IMPLICATIONS 



A. ' Objectives ; 

1. The student will describe nutrient and energy 
cycles. ♦ 

2. The student will discuss the ' concept of 
community succession in a given ecosystem. 

-/• 

3. The student will describe natuip control and 
balance within an ecosystem kni how this 
balance has been upset by humaj;i activities. 

B. Activities 

1. Obtain several* samples frontf the bottom of a 
nearby stream. Identify several dominant organisms. 
Hold these samples at different temperatures for 24 
hours and determine what changes, if any, occur in 
the frequency of the various organisAis. f, 

2. Giill about one liter of water to approximately 
10 degrees Centigrade. Shake the bottle vigorously to 
dissolve as much oxygen as possible. Separate into 
several p>or^ions. Determine the amount of dissolved 
oxygen in the samples as they warm to room 
temperature. 

3. Grow green plants in a sealed* terrarium. 
Introduce sulfur dioxide and determine the effects on 
the plants. . > 

C. Audio- Visoiir Materials 

1. Web ofJUfe: Endless Chain, 16mm sound, 28 
min. On ecological balance and its upset by man. 
ERDA (formerfy USAEC) Film Library, P.O. Box 62. 
Oak Ridge, Tenn. 37830. 



2. Sierra Gub Educators General Information 
Packets information on how to obtain Sierra Club 
teaching aids for conservation education. Sierra Gub, 
Educatioiuil Information Office, Room 1050, Mills 
Tower, 220 Bush St., Sanfrancisco, Calif. 94104, 

3. Energy Vs. Ecplogy-The Great debate, 16mm 
sound, 27-1/2 min. On coal, surface mining and 
restoration. Modem Talking Picture Service. Book ^ 

; frcfm Service library nearest you. 
■ ■ 

4. For Man and Nature, 16mm soimd, 28-1/2 min. 
On protection of man and nature. Available from 

same source as Number 3. 

> 

5. Ecology, a classroom poster and discussion guide 
to help provide students a better idea of the meaning 
of ecology. Ex-Cello-0 Corp., P.O. Box 386, Detroit, 
Mich. 48232. 

D. References 

1. Fimdamentabof Ecology by E. P. Odum, B. ' 
Saunders Company, Philadelphia, Pa., 1971 . ;/ 

2. Natural Ecosystems by W. B. ClapHam, Jr. 
Macmilfan Company, >IeW York, N.Y., 1^. 

3. Ecology and Field Bkilogy by^f L. Smith, 
Harper and Row, New Yoric, N.Yy#4. 

4. Concepts of Ecok>gy by^' E. J. Kormondy, 
Prentice-Hall, Inc., EnglewQo4lCliffs,*N J., 1969. 

5. Communities 4pd Ecosystems by R. H. 
Whittaker, Macmillan Company, New York, N.Y., 
1970. 



CHAPTER 6 



WASTES IN THE PRO^tJCTION OF ELECTRIC^ POWER 



A. 

L 



Objectiv(e^% 



, The student will compare the cu^^ent^Iitei)jiods bf 
. mana^g waste heat produced in the^ii6raSoii 
bfelertricity^ v \ 

.:2.V\ 'Hie. student will compare the ma^tude yafk 
:'; 'themial ^pollution from both nuclear and fossiF* 

/ .electrical ppwer statioitSjynd state therea^nlfi forV 
V the differences. 



5. Efeternune witer curreiits in lakes, rivers or bays, \ 
using ptlstid containers inside.V \ 

6. How can wastes from': ^Jkctrical .generating titw^ ^-;<r , ^ 
b^ used advantageously? ^^I^^^er the foU(^y^^ ..'p*^ 
he|t. ash,' oxides of $ul|^r>^xid^ oF'^nit^iBn, '-^v 
radioactive nssronpro<iiicts^^i^^ ' . M 



.4 



3, * the ^tudeh^ will describe the sources 
radibactiye waste in power . generation. - • 



of 




•J 



1 . fllustrate tii^p^ of radiois otope ^ by 
natural radioactivi|^(^,y^ jH^mine 
the half ''life of a?>^diit^fived ra^oisotop^^ch *as 
indium-ir3m (l()4yirnmutw). 137m (2.6 
minutes) * or ytt4um^90%^ (64^ hours). These 
radioisotopes ike av^ble* from minigenerators 
distributed by Union Carbide Company, Tuxedo, 
N.Y.^Have the-students determine half life' by taking a 
series of one-ininute counts of a snnple at intervak 
for a period of time coyering sevj^ral half lives. 9e 
certain to determine background and subtract it from 
each count On grajrfi paper, plot a graph of activity 
versus tiihe. Graphically determine the half life. 

2. Use a wet-dry bulb thermometer or sling 
psychrometer to illustrate evaporative cooling. 

3. Devise an air. filter, using a vacuum cleaner and 
filter paper. Compare air pollution samples from 
various areas of your city. Use a portion of sc clean 
vacuum cleaner bag as the filter. 

4. To determine air currents -which tend to disperse 
pollutants over your local area release a nunU)er'of 
helium-filled bafloons with postcards attached. The 
postcards should be selif*addf«iaed and contain a 
checklist of the information which you>Rvish to 

> receive,^ such a location, date, time and nanie of 
finder. This will increase student undentanding that 
' others are aflected by what anyone at aiQ^ place does. 



Tt^e^tudeQ^^^^ 

lifeQiodi.fbr jgaseous, UqjuM-aAj^^ radioactive 
, 5 vi^stes, incjiiding ihe j cuttiea^ ' 
^' tfi * y^' i volumes and activities of . n 

S;?;. Jh? stuadAj vidll d]^nbe^th^>w^es reciting 
'frqpi Uie bi^itimg of jr<(^ fSels. ^, Y 



7. t btain ash from a coal .fum^^.ibr a s^ple of 
\ coal, lun a small amount of watef^^Qug^' the coll. 

\ Note, my changes in pH o(^ w^$jl|ty n^eaits of an 
iindjici (or paper. 

^ I . . ' ■ . . ■■ ' ' ' 

8, Weigh a sample of coal, bum the coal and then 
. . wei£^ the ash. 

Place 100 ml of heating oil in a beaker and 
^ determine its weight. Bum the oil and wei^ the ash. 

C. Audfo-Visual Materials 

1. Hi^ Activity K'asfe, 16nun sound, 17 min. 
ERDA (formerly OSAEC) *Dm Library , P.O. Box 62, " 
Oak Ridge, Tennessee, 37830. . 

2. Transportation of kadhactive Materials, Part II: 
^cidents, 16mm sound, 34-1/2 min. Available from 
same source as Number 1 . 

Project Sait Vault, ^6mm sound, 1 1 min. On 
; disposal of radioactive waste in vacant salt mines. 
* Available from same source as Number 1 . . 



D. References 

1. From the Understanding the Atom series, a 
complete set of which may be obtained free -by 
teachers by writing ERDA (fomnerly USAEC), P.O. 
BgCk 62, Oak Ridge, Tenn.S7830. * 

n ■ ■ ■ ■ ' . ' 

' Radioactive Wastes 

2. J^|udear fewer and tfie Pti>iic, Hany* Foreman, 
editor. University of Minnesota Press, Minneapolis, 
Minn., 1970. ' 

3. Plata for the Management of^AEC-Genemted 
RadioacHve H'offej, WASH-1262(73). DlvUo^ of 
Waste Managohent add Transportation, July 1973. 
For sale 1^ Superintendent of Documents, GPO, 
price 80 cents. 



ERIC 
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CHAPTER 7 
HEALTH EFFECTS: A COMPARISON 





Objectives 

^The student will identify and describe the majoj 
types of radiation from radioactive inaterials^ 

The 'student wUl identify the basic units of 
tadiation dose. / ' 

The student will compare, in order of dos^ rate 
received, the major sources of radiation to t|ie 
" ^6\ic this time. 

The sfudent will describe the somatic and genetic 
effects of both acute and chronic exposure to 
radiation. 

The student will recognize the factors which 
influence the biological effects of radiation. 

je student will recognize the assumptions that 
:e made when ra^^tion protection guidelines 
^r loW'level exposure are established. 

The student will list the gaseous effluents from 
the combustion of fossil fuels for electpc 
generation and their effects on human health and ' 
^ the physical environment (Gaseous effluents 
include oxides o^ sulfur and nitrogen and 
particulate matter.) 

8. yTlie...«tpdent ^w describe the concept of 
beneiStrversus-risk.' ^ 

B. Activjties 

L; ^Pemonstrate absorption and assimflation of 
phosphorus'32 from ^ater by fish. (See 
Radioactivity: FunlAnentab and Experimients, by' 
"rifermias and Jipecile, Holt, Rinehart and Winston, 
1963, pp. 155^157.) 

2. Conduct a ^student experimeiit on effects^ of 
radiation on the germination of seeds. (See Hermias 
and Joecfle, op.cit.,pp. 14S-151.) Have beans or com 
irradiated at 'a local .hospital or buy irradiated seeds, 
from a commercial source. Keep the number of seeds 
for each sample above 100, varying the radiation 
dosa^e^ Study rates of germination and percentage of 
g^cmiination. 

3. Have a local radiologist meet with the students to 
discuss effects and use of radiation and radioisotopes. 

4. Have students perfonn .various experiments on 
the biological eflects of radiation. Many a^e described ' 
in Hermjjto and Joecile (op. cit.) or in Nudear 
ScteSce;^haae, IiLituper,.>iand Sulocodci, Burgees 

* Publiahing Company, 1970. — 



5. Determine the half life of a short-livcL. 
radioisotope' such as barium-137ml (These may pe 
obtained from commercially produced radioisoto; 
generators available from Union Carbide Corporation, 
Tuxedo, New Yoric.) i 

6. Have the students compute their own radi&tion 
dosage from the activity in • the supplemuita^ry 
material at the end of Chapter 7 in the studeift text. 

^ • . / 

7. Lfi class discussion, 4\ave stydjents deCmj qualijty 
of life and describe rides they are willing tP take to . 
maintain this quality. . 

C. Andki-yisiial^eriab 

1. Atomic Medicine, 16nun sound, lixttin. ERDA 
(formerb^ USAEC) Fihn Libtaiy, P.O./Box fiZ, Oak 
Ridge, Tenn. 37830. 

2. Radiation and the Population, Ifimm sound, 29 
min. On genetics. Avail^le ftom/isjame source 
Number 1. ^^^^ 

3. Air is for j^fi'^^^^' 16mm s^und, 29 min, Oii ^ 
biological effects ii«ibr oollution.shell Filim lilyfary^ 
450 N. Meridian St;, In^apdlisyind. 46204. 

4. No Turning Bad, 16mm /sound, 27-1/2 ririn. 
Shows AEC's long-tefm/ commitment i6 
environmental researph. Availa 
as Number 1. 



/ 



3le from same source 



5. A Sea Wer Cannot Sense 16mm sound, 28 min. 
Discussion of loW level radiation effects, both natural 
ahd man-made. /Available / from same source as 
^Jumberl. 

D. References 

1. From the /undeistaAding the Atom series^ a 
complete set ojf wjddijmay tie ol^tained free (:by 
teachers, writiillg to ERDA (formerly USAEC), P.O. 
Box 62, Oak R^dge^ Tenf 37^30. ^ 



Your Bodv and Ri 
Radioisotopes and 
The Genetic Effect 



jiation 

\ifk Processes 
of Radiation 



i 



2. Nudear Voum aiil the PubUc» Harry Foreman, 
editor. 'Univ)bi8ity of /Minnesota Ftes8» Minneapolis, 
Mina, 197C 

3. TheEj 
Levels of 

Docunfenti GPO, Price $2.75. 



, - : •• /'• . 

fects on Populations of Exposure to Low 
^ lonizingi Radiation, • Supciintchdcnt of 



EKLC 
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CHAPTERS 

PLANT/^mNG AND ENVIRONMENTAL IMPACT^ 



*A. . OBfectives 



TKe. student " will describe the ecological, 
geological, meteorological, geographical, and 
demographic considerations which inust b,e taken 
in^o account iii {flaht-site selection. 



B. Activities^ ; . > 

■ ' ' ^ ^ *'■'■/ 

1. Havft students^ prfeparc reports on / possibk 

altiJrriaitive siting for power ''plants, /stich as* 

underground or offshore. ^ - 

2..* Have a speaker from a state or federal agency 
discuss power plant' site selection. ^ 

3. Choofc sites for one or more hypothetical , 
generatiqg^ jplaiits in your sate. Discuss these propo^ 
• sites in light of the considerations in the chapter. Also 
discuss the reactions to each site by a banker, an 
educatort an ' indiustrialist, a v; conservation club 
president, a hospital manager, a fant^, a realtor, a 
supermarket owner, etc. What are your own 
jeactibns? ' , " ; 

4.. Assume that a nticlear plant will be built on a 
nearby site. Have the students/ detQrmine the ., 
procedure for obtaining a construction permit^ Ask , 
the advice' of your local utility. Do the same for a 
fossil-fueled plant. / ^ • 



5. Obtain ah environmental Impact statement for a ", 
new power plant. Review it in detail. 

C Audio-Visual Materials. 

1. Earthquake, 16mm sound, 13-1/2 min. Describes, 
earthquake studies and engineering adaptations ;ih 
building constn^ption. Available fr6m Film Associates « 
hooking.service nearest you. <^ 

D. References *' « 

1. .Nuclear power and the Public,* Harry Foreman, 
Editor, University of Minnesota Press, Minneapolis, 
Minn.,1970: " ' V ' 

2. Considerations Affecting Steam Power Plant Site 
Selection, a report sponsored by the Epetgy Policy ' 
Staffi Office of Science and Technology,. 147 pp., 
1968, Superintendent of Documents, GPO, R1.2S. 



3. Nudear Power Plant S|tip|: A Handbook foir the 
Layman, by Dennis L. Advisor>^'il 
Service Sea Grant,-^ University Rhode Is^ Marine 
BulletinNumber6/32pp.$1.00. ' 
> ■ ' ' ■ _ 

4; larCFR Part 100, Reactor Sitfl Criteria, Seismic 
.aind Geological Siting Criteria. ' 




CHAPTER 9 ^ 



ENERGY CONSERVATION 



A. Objectives 

1. The student will idl 
consumption Hi thl 
• methods of consenrin] 

B. Activities 



ntify the modes of energy 
Ui|ited States and the 
I energy. 



^vances which may make 
, efficient than present 



L ^Haive students discuss 
automol)ile engiiie^ more 
internal combustion engine^.l 

2. The mandatory addition »f anti-pollution devices * 
to automobiles had reduced gasoline mileage on mast 
American cars: This is an examlpie of a tradeoff: Less 
- 1 efficient fuel use forxleaner ai^Is this a wisb decision 
at a time of gasoline shortag|?? Discuss this on a 
risk-to-benefit basis. 



3.; Have students design a m 
your community. How would 
while iricreasmg efficiency of fuel 



transit system for 
reduce pollution 
se? 



4. Compare the pollution effects of current 
transportation systems witm those fr-om 
transportation jystemi using elfictrically-pcwered 
vehicles. Compa|^dvantages and dil^dvantages.r 

5. Consider the following hypothiical sij^tions. 

a. Due to a national emergencjk the nation's 
home consumption of electricity must le reduced. In 
your commtinity, each dwelling must s*mit a list of 
electrical appliances which, when remoi^d from the 
home; will reduce the home consumption by 25 per 
tpnt. the appliances removed will not be rmurned for 
a* year. What will your family give up? wie list of 
appliances in Activity 3 of Chapter 1 will b^ helpful. 

b. Placed in ypur home will be a de>^e that 
will turn off electricity after a monthly consumption 
of 70 percent of your last month's eleetrical 
conslunption ;s reached. 'Plan h6w to budgetVour 
electricity l6 me'et your needs. 



6. Review past electric bills for your honie, over as 
long a petiod as the bills are avaibble.'Construci a 
graph to sh6w cost, consumption and time. Note on'* 
thc^ graph, if possible, ^en major appliances were 
added. 

7. Sup(ey your commimity. Identify uimecessary 
uses of electricity whtth, if stopped, would hiive no 
rerf impact On your lifest>1e. - 

8. Re^aew popular magazines for utility advertising. 
X&ssify thisradve^tiapg as promotional, conscrvatiqn, 
" public image or other. ^ , ' 

9C Visit grocery "stores and compare pjrices of 
returnable and noruetumable soda bottles and cans. 
Read about and discusis Oregon's non-return law. 



10. Develop a^System to reward people who travel tp 
work or school in , car jpbol br on public 
transportation: * 



C. Audio-Visual Materials. 

1. Crisis in Energy, 16min sound, 221 min. Gerieral 
view of energy crisis. Brooklyn Union Gas, Public 

' Relations and Advertisirig Dept., 195 Montague, St., 
Brooklyn, N.Y. 11201. 

2. Three E's iBmm sound, 28 min. Shows 
energy, economics and environmjsnt are related. 
Exxon CO., Publfc Affairs Dept. 1251 Avenue of the 
Americas, New Yoric, N.Y. 10020. ' 

* D. References 

. 1. You-What OU Conservation Means- lo You. 
Booklet discussing dependence on oil and gas. 
Interstate Oil Compact Commission, Educational 
Section, P.O. Box 53127, Oklahoma City, Okla. 
73105. . 

2. Conserve Energy -Our Spaceship Earth-Needi f 
Mope Fuel! Comic book tells metho4s of home- 
energy conservation. Single copxs from Edison 
Electric Institute, 90 Pa* Ave,, New Ybrk, N.Y. 
10016. 
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CHAPTER to 



SUMMARV 



At 'this point the student musU proceed to 
synthesize the concepts which have been presented in 
the various chapters of^ thT cours^f. The student 
sh9uld ^rive-at decision* which, in his/her own mind, 
are logical and based upon the infomiition. These 
' decisions should include: 

1. Do we wish^ to paintain our standard of 
livmg, or do. we wish .to give up some or all 
of the conveniehces and products we now 
enjoy? • - ^ 

2. Do^we wish to continue as we are, ignoring 
. , ^the envifonmental cost? If we do^ are we 

wiling to pay the ultimate price? 

3. How can we produce the electricity wij nedd 
at the least expenditure of our mineral 
resources and at the least cost to our 
environment? 

4. What are th6 alternatives to the nuclear 
generation of power? Will these be sufficient 
for our needs? 

5. Are the advantages of nuclear generation (or 
any other method of generation) wdrth the 
price? 

As the student formulates these decisions, do not 
attempt to guide him/her in any way or biio^lus/her 
judgments tcLConform to your own personal attitudes 
or opinions. Your task is to, re// it like it is and then 
to turn theMecision-making process oV^r to the 
student. Thi^, of course, is difficult. We as teachers, 
tend by our statements^ facial expressions and 
gestures to communicate our own value judgments to 
bur students, but in this case we must absolutely 
refrain from ' doing so, even though we will 
iindoubtedly undergo some emotional strain as we 
watch our students making what may be, to us, the 
wong decision. However, 43ach student should decide 
'fcr himself/herself, or as a member of a group oif 
peers.. This, after all, is tKe democratic process. 

_ ^ Engage your students in dedsion'making. Us& the 
FmvcTiart of Basic Decision-Makine Modfil for 
resolution of environmental p^blems found in 
Appendix III of the student hianuai aiid reproduced 
here. 

Flowchart of Dediion-Making Model 

The reader has been confronted with numerous 
issyes regarding the conflict between enjoying the 
supposed benefits of a technological society and ^ 



reducing the quality of our environment' to 
intolerable levels. Decisions to resolve the conflict 
must be made; Uiey will be made. If knowledgeable 
•people refuse to make these decisions, less 
knowledgeable persons will. The attitude of letting 
George do it is a gross ahiiking of responsibility. ^ • 

But how do persons with a bit of knowledge 
about .the problem, (such as that acquired through 
this minicoufse) make sucA (Jecisions? How, do they" 
evaluate the available data? How do they know^When 
they hav^ surveyed all the data?,How do they test for 
logical inconsistencies within the reports? The 
probleih of analyzing laige sets of infoxmation and 
formulating workable solutions to. problems perceived 
is W of V the niost^mind-bog^mg and difficuU. 
endeavors Ir ^e human, mind; it is also one of the 
most rewarding. ' - . 

A model, or guide, to thisr decisionmakings 
process, presented m Figure .\ in the form of an 
instructional flowchart, suggests things to do 
(rectangles) and includes crucial questions (diamonds) 
which help pinpoint errors in interpretation of the 
data and conclusions. The rectangles and diamonds 
are logically interconnected by arrows to suggest 
which way to proceed. , 

Each main point in the flowchart requires a brief 
explanation. 'Fii^t, be intellectually aware of the 
environmental problems caused by ; electridid 
generation and be interested , in the id^ntiricatioaof 
solutions of these problems. 

Stage 1. Use your knowledge of power resotarces and 
environment to acquire factual information i^id 
understanding of basic ijssues involved. Completion of 
the minicourse is useful here. 

Stage 2. Identify' questions you may have about the 
issues for further refinement and analysis. 

Stage 3. Have others raised similar questions? 
Answering , this question can provide access to 
discussions of the issue which have already been 
completed and tends to reduce the phenomenon of 
reinventing the wheel In addition, the knowledge 
that may be raising relatively new question can be an 
ehli{^tening and rewarding experience. 

ISK>TE: D^monds represent decisions In the form of 
questions which lend* themselves to Ye^, ^No or ? . 
answers. The patki one takes on the flowchart b 
determined by the answer to the question. 



.Stage A. jHave solutioris been- posed? If Stage 3 was . 
answered inl the affirmative, \/e now begin- to 
investigaje the nrkerits of the solutions. 

Stage S. Are solutions based on solid evidence? A f 
Stage 4 yji^a^ answered in th^ affirmative, we can now • 
9sk if ieh6re is substantial and logical evidence to 
support .the solution under question. ^ 

Stages 6-9. A negative response in either Stage 3, 4 or 
5 directs the decision-madcer into the key branch of 
the flowchart. Stage 6 directs the learner to survey 
information related to Jhe problem (or sohtion), or^ 
to examine specific issues which relate to the problem 
under consideration. Caution! Avoid the temptation 
to^Wtch to a related problem! Stick to the issue at 
hand! In* Stage 7 list alternative solution^ to the 
problem; that iV, determine, without excessive 
evaluation at this point, if there are other possible 
solutions to the problem. In Stage 8, start the process 
of evaluating the. main and alternative solutions from 
.Stage. 7 jby listing advantages and disadvantages of 

each soiutiqn, ■ " * 

K . .■ • ; ■■ . \ . , r 
^NoW that :^ou have examined the evidence and 
tabulated ' the pros and cons of - the 'problem or 
solution, evaluate each as to its practicabilityi Then 
rank solutions from best to poorest (Stage 9). 



After Stage 9, the* flow is-cycled back to Stage 
10.. ' , 

Stage 10.. Are there unsqlved problems? Pftsuming. 
affirmative answers to St^es 3, 4 and 5, we are now 
where we see if all^ impoi:tant questions have been 
asked. It is recognized that important questioQ^ 
obviously^ involves value (subjective) judgments, but, 
v^lue jud^ehts in tedhnolpgical applications are 
unavoidable. . 

A negative answer to Stage W recycles tl^e flow i. 
back to. Stage 2, and a positive response sends one to 
the EXIT of the decisipn-making program. 

-* . ' - ■ A " ^ " ■ 

^Two addition^ cbmmems regarding this 
ilppision-making flowchart are in order. First, it 
' 'represents a series of intellectual processes and you 

must try it to underhand it. 
• . , ' ^ * ' . . 

Second, the ftowchart only represents the 
complex mental prooess involved in human 
problem-solving. It is^ hoped that it will be most 
valuable wherf it is^c^nsidered in its present form, 
.which is neither exceedingly siihple nor excessively 
conjplicated. 



^ f ENTER ^ \^ 



SURVEY YOUR 
KNOWLEDGE OF 

POWER Sources 

AND ENVIRONMENT 



IDLNTIFY 
QUESTIONS (PROB- 
LEMS) ABOUT 
POLLUTION 



1/ 



Y«i (or 7) 




LIST ALTERNA- 
TIVE SOLUTIONS 
TO PROBLEM 



LIST ADVANTAGES 
& DISADVANTAGES 
OF EACH 
SOLUTION 



RANK SOLUTIONS 
FROM BEST TO 
POOREST 



, ;, _ Figure I. 
Fk^chart of Basic Diecision-Makiiig 
Model for Resolution of Environ|henUl Problems 
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APPENDIX i 



LABORATORY SAFETY 



If you plan to use radioactive materiak in your 
* laboratory exercises, ^observe certaifi safety 
precautions to reduce the exposure to radiation 
^ which your students may receive. 

The following, rutes are taken from ^he 
Pennsylvania Department of Education^ publication, 
' Nuclear Science: A Hi^ School Course, ; 

LABORATORY * SAFETY PRECAUTIONS FOR 
, WORKING Wrrii RADIOXcTIVE MAfERIALS. 

^ A. All possible precaution^ jnust be taken In order 
,to prevent inhalation, ingestion or skin contact, 
with^radioisotopes. Therefore, thefollo^ngit^es 
^ will be*in effect: r^^i^^ : V 



wjUl 

, . 

1. There will be no eating, drinking or &n|pking 
in this. laboratory. ^ > 

2. Keep your hands away from your mOuth, 
hostrib and eyes. . , 

3. All w^rk with unsealed sources must be 
done in the fiberglass woik trays. These 
trays will be lined with non-absorbent paper 
to. retain spills and facilitate 
decontamination. , ^ • 

4. ' Laboratory coats must be worn at all times 

when working in tiiis laboratory. 

5. Rubber gloves will.be worn at all times when 
^.handling unsealed solutions. These gloves 
. must 'jhonitored, washed with detergent 

and water, remonitored, and rewadied if • 
contaminated before removal. The hands 
' will then be washed and monitored. 
' y ■ ■ 

6. Signs indicating radioactivity must be in 
prominent display during any experiment 

^ with unsealed soiuces. ^ 

All contaminated materials must be plainly 
labeled. / 

"^'S.y Radioactive waste will be placed in the 
plainly madced hot w^ste can* No other type ' 
of waste will be placed in this can, and no 
radioactive materials' will be disposed of 
elsewhere. ^ 

The instructor will be consulted before any 
radioisotopes may be disposed of, to insure 
proper dispo^ ; , 



•10: There must/bc lio ^||)etting by mouth. A 
piopipetter or hypodemlic syringe should be . 
used. ' 

li. All spin^must be reported immediately, and : 
decontamination procedurd%j[nitiated under 
iihmediate supervision of th^^ructor. 

\1t. All radioactive sources must be sealed before 
handling or counting. 

If rules similar to .'this are inaugurated and 
enforced; there should be complete safety from 
contamination in the laboratory, barring' human 
error. * 

Contamination of the^equipmei\t, the furniture 
and the laboratory itself must be avoided to prevent 
the contamination of other students and to prevent 

/aising the background count in the labora tory to the 
extent that it ii^exferes with the proper functiiining 

^of the sensitive Geiger*Muller counters. To ac&eye 
this, the teacher must be fkmiliar'^th^ij^g^*^ ' 
niles of radioisotope safety technique 




■f 



All work .with unsealed ' radioisdt^p(|$^^i^ajpe 
done in nonporous trays ofjia 
substdnce, such as fiberghas and heat-resistant plastic. 
The tiay should be lined with nonabsorbent paper.* 
The paper on whic)i material is filled can then be 
rolled iq> and properly disposed' of. Any material 
Sfnlled on another surfac^\diould be blotted;' th% 
surface sho^d be scrubbed with detergent and w^ter, 
dried, monitored and rescrubbed if necessary to\ 
remove the contanUnation. The' sciirbbing and 
monitoring should be contiiiued until no mce of 
activity remains. Of course, the activity of the 
isotopes used in a hi^ school laboratory is so Jow 
that decpntamination is simple. 

. " .' ' " . ^ 
. . Decontamination is considered complete when 
radioactivity from radidlsotope groups I and II is not 
in excess.of one miilirep per hour average as measured 
in a small volume of air above any two square inch 
area. - This corresponds to approximately one 
thousand counts per minute when a Geiger counter is 
placed as close as possible to the contaminated 
area . . , Note that in many hi^ school experiments 
the actual counting ratejwill not greatly exceed thai 
which meets the AEC definition of 
uncontaminated,'* 



* Miner et. al Teaching with Radioisotopes, 
Washington, D.C 1959. 
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A cleady marked ra^oactive wastelan should be 
available for the deposition of all contaminated 
materials. A 20-gallon covered trash can is quite 
suitable: The 'container' should not be emptied with 
ated trash, but should be subject to 
[idling. The papef can be safely indnerated^ 
pating the radioactivity, whil^ the other 
be b.uried. Another -method is to store 
the can and its contents for a year. At the end of this 
period, the activity will be reduced by normal^ 
radioactive 'decay. Small animal carcasses 
contaminated wUh radioactivity should be placed in 
glass containers and buried. The container^ will 
prevent the carcasses from being dug up and scattered 
by foraging animals. 



Low-activity isotope solutions used in the high 
school laboratory may be safely poured down the 
drairL If the tap is allowed to run for five minutes 
before pouring the isotope and 20 minutes after, the 
.ac^vity will b,e sp dQuted as to be practically 
undetbc table. It would be well for each teapher to 
contact his/her local: health or civil defense 
authorities concerning this matter. J 

'0 Any vaiporization or sampile drying ofradioactive 
material 'should be done in a hood to prevent the 
inhalation ofA^gosotopes. 



All laboratofy glassware used for radioactive 
material should be rinsed, washed with detergent and 
stored^vately from noncontamihated glassware. 

* Vhe supply' of radioisotopes should be stored in a 
plainly labeled,^ lacked metal container. A metaichest 
lined with cinder brick has proven to be'^uite 
satisfactory for this purposed The cinder brick acte as 
a protective shielding and gives the box sufficient 
weight to p^vent its being moved. 



As a ' precaution to careless handling, 
contaminated substances should be clearly marked 
with warning tape^ ^ ^ 

* . * *. 

Duiing the laboratory period, one student should 
be assigned as laboratory safety officer, whose duty ; 
would be the; constant monitoring of the l^boratoiy 
for jspilU orjuiy other contamination. He/she should 
immediately report any spills ^ and aid in 
decoatamination ^procedures. This will also, by the 
way, aid in teaching proper safety techniques. The 
instructions for the safety ofRcer will be found with 
the experiments. ^ . 

At this point it should be reiterated that 



radio&otopes, used*in cc 
safety precautions, are no^ 
corrosive acids used routinjb 
chemistry course. 



iction with the proper 
)re dangerous than the 
in every high school 



Part i: Multtple Choice 




. APPENDIX n. , — ' 

ACHIEVEMENT TEST ^ . - ' 

_ ■ ' ■ ■ • 

Which of the followfislMBcep^s now being studies uses^ electrically; conductive gases from the combustion 
of fdSil (iiels to make'a^Sgily efficient source of eleetridty.? 

a, * Coal Gasification ' , : . . \, ' 

b. Fusion ^ ^ 

' c. Magnetohydrodynaniics ^ ^ / \ ' 

d. TheimalCcMivcrsion . 

2. & breeder reactor depends on the conversion of-- ; ^material to —- — ^material 

a. Non-radioactive, radioactive 

b. Radioactive, fertile 

c. Fertile, Bssionab^ 
i Radioactive; fissionable \ , ^ ' . 

3. Which of the following has be^in a recent development in fossil fuel electrical generation? 

a. Increased efriciencies1)y use of higher steam pressures and temper^ures 

b. Increased plant size 

c. Higher stacks * q 

d. All of the above 

4. What is the approximate genetically significant average radiation dosage fron|ilh^-made source for persons 
intheUS.? ■ 



idsage fronfTihui-] 



' a. >60>em /year > . . ' 

' b. 600 mrem/year : ' ' 

^ c. 60 mrem/year ^ 
d.,- 6 rem/year % 

5. ThQ most important radioactive wastes in teirtis of radioactivity content arc : 

a. Solid wastes from processing plants ' , 

b. Liquid, wastes from processing plants '* ■ 

c. Radioactivity release tinto the air ;5 " , 
• d. Radioactive wastes released into wateiways 

6. WhiChisthegrcatcst single energy user in the home? ' 

a. color T.V. 

b. Frost^frcc frieezeis . . 

c. Heating and cooling system . ^ ' , 

d. . Water heaters % ■ * ' 

7. Which of the following fuels provided the greatest amount of elcctricd eneigy in 1974? 

a. - Gas ' . ^ . > 

b. Coal ^ . ^ ' 

'c. 0il ' 4 * ' 

■ A ^Uranium 



8^ During radioactive decay, three principal types of radiation are emitted from an atom. WW^i^of the 
following is not one of these types? 



a.v Gamma* and x-rays 
tf- Beta particles ^ 



I particles ^ 

c. Alpha particles 

d. Deuterons 



9. The single most important factor in maintaining an ecological balance is . . 

. . ' • . ■ . • '. • ' •.. ■ ' 

a. competition , 

b. sucicessioh ' 

c. predators ^ / . ' * - i 

d. lack of pollution ♦ 

10. Which of the following is a ^ctor which influences the biological effects of radiation? ' J' 

a. Rate at which dose was received ; . / ^ 

^ ' b. Part of the body irradiated 

,c. Both a and b . . ' . ^ 

'; ; d. Neither a nor b .* 

11. Nuclear power plants have more of a problem with waste heat disposal than fossil-AieleA plants because 
/ ' . ** * ■ ' • \ . • • 

: a. Nuclear ^lalfts generally have a greater generating capacity than fossil fueled plants ^ _ ' 
' -^J). Nuclear plants are less efficient " , ^ . * • ' 

* *5.c. Nuclear plants discharge nearly all their waste heat into their cooling water 

-f^d:; . All of the above ' ^ 

\2^, . m>a water moderated power reactor, ^at would happen if the rate of fission were to increase significantl;^? 

^ 'a;V ;Jhe excess heat^from the fissions would cause a decrease in the number of neutrons available to be 
■ captured by fissioning atoms, an^^e rate of fission would automatically slow down. 

; , bV..;^ , ' 

c. .". core would melt from excess heat 

d. * It is^ not possible for the raftie of fission to increase significantly in a water moderated power reactor. 

* ■ ■ ' i ' " 

13. What is the bade difference betweeu'most types of electrical generating plants? ' 

a. Arnount of thermal pollution .* 

b. Cost of fuel supply ° 

c. Source of energy to produce steam ' ' y . . 

d. Operating temperatures and pressures . « ' , 

14. > The component of a nuclear reactor that acts as a "neutron sponge" is the 

a. Moderator > . \ . . ^ * 

b. Fuel rods . ■ ^ ' 

c. Core , .\ ^ . * ' 

d. Control rods - * : / * ' 

15. Which of the following is a problem associated with the use of coal as a fuel for 'qjectrical geileration? 

a. Its geographic distribution . * \ 

b. Mining hazards \ ' ^ • * . . " ' 

• c. Shortage of railroad cars * " * , i^-* 
>ll All of Ae above 



16. When one or more electrons is scpairafed from an atom, the atom is said to be 

a. An isotope ' 

b. Ionized • 

c. Electrolized 

d. None of the above 

17. The "flcwfe radiation ^ckness syndrome" refers to . 

a. Arly sumptoms of biological damage from radiation 

* b. Ally radiation.exposure causing death * 

c. An illness afflicting uranium miners 

d. Effects of large sudden whole-body doses oT radiation 



V. 



18. Why are the transuranium nuclides particularly dangerous? 

a* They are alpha emittersaniS arc retomed in the b 

b. They have Icing half-lives , j 

c. They are ma^njade ' \ f ^ , - 
' d. Allof theabave', ^- * , . 

19. —-.of radioactive materials will sustain nuclear— by capturing neutrons. 

' . - . • • 

a. Stable mass, decay 

b. Critical mass, fission 

• . c. Fragment, fission * * 

* d- Critical mass, decay 
. ' <\ 

20. The term "fast " in fast breeder reactors refers to 

a. The r^tfe'^f fi*V «|dpumpti6n , • 

• b. The late of eMrilri production 

c Thqivetag^veldcity ofthe fission neutrons ^ 

d. NorS^^boye;::/. 

21 . All the plant and animal species that live and interact in a particular environment ^re called 

a. An ecosystem ^ 

b. ^ A community . y \ 

c, A food web • 

d, A succession * . ^ ' 

• ■ / ' 

Fnt 2: True-False 

- i. TTie multiple barrier concept in reactor systems is designed to gifard against the escape of radioactive 
substances into the cAyironment. , 

2.. The health effects 6f the oxidw of sulfur are re^^^ - 

3. In the United St ates, most of an irtdividaal's per capita consumption of electricity is for industrial pioccsaes 
to maintain our standard of living. 

4. '%Upidly dMling cells sire especially radiosensitive. 

5. In the case of^tl*«diat|on. and ^traditional air pollutants. moSt of the data on human effects waa obtained 
by experimentiniiwth small doses. - / r 



1 • , 

6. Certain air pollutants may interact with each other to cause more serious bioloical problems than they 
would cause alone. ' '• / . / 

7. About half of all uranium is fissionable uraniuni-2 JS. 

8. The "roentgen equivalent man"v3,2L m^sure of energy deposited by radiation and also its resulting biological 
eiiect* o > » 

' ' '/ • '" • 

9. The basic difference between the Ught water realtors and the gas cooled reactor is the type of fuel used. 

10. Every power plartt built should construct a cooling water tower to end thennalpoUution 

1 1. It IS predicted that by 1990 there will be no natural gas available for^use as fuel for electric utilities. 

. 12. It is possible for a coal-buming pl^nt to release more radioactivity into the environment than a nuclear plant. 

13. The main reason for the increasing demand for elcfcrical production in the Unitfed States is our «rowina 
population. > ^ - * 

14. Exposure limits for radiation are set using very conservative assumptions because the effects of low-level 
chronic exposure to radiation are hard to measure, j 

'Answers: * * 
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